This study reports the estimates of the magnitude of volatility during abnormal times relative to normal periods for seven East Asian economies using a rudimentary univariate Markovswitching ARCH method. The results show that global and regional events like the 1990 gulf war and the 1997 Asian currency crisis led to high volatility episodes whose magnitude relative to normal times differ from country to country. Country-specific events like the opening up of country borders in the mid-1990s are also observed to lead to high volatility periods. Additional insights are obtained when volatility was assumed to evolve according to a three-state Markov regime switching process.
Introduction
There is no doubt that the changes in the global economic environment that occurred in the past decade and the rapid developments in technology have stimulated East Asian economies in a variety of ways. The financial markets of the so-called "emerging market" economies of East Asia, most of them liberalized during this period, attracted international investors as they provided alternative assets that offered competitive rates of return. Hence, volume of transactions increased as foreign funds flowed in to the capital markets in the early 1990s. The flow of funds however suddenly reversed as the structural weaknesses of these economies became apparent, leading to the Asian currency crisis of 1997. In both episodes when capital poured in and flowed out, the stock markets experienced heightened volatility as prices rose and plunged precipitously. This paper reports the results of volatility estimates of East Asian stock markets during the events described above. The main interest of this study is to determine the extent of volatility of these markets relative to their tranquil periods. The study computes for the index of volatility states and attempts to date the high volatility periods in seven East Asian economies using a rudimentary univariate Markov-switching-ARCH regression analysis due to Hamilton and Susmel (1994) . Weekly stock return data for Hong Kong, Korea, Indonesia, Singapore, Malaysia, Philippines and Thailand from 1988 to 2003 are used in this study. The next section presents the methodology. The third section discusses the estimation results. The last section offers some concluding remarks.
Methodology
Since the seminal article of Engle (1982) on ARCH modeling, quite a number of extensions and generalizations of the method have been published in academic journals and are currently being used by practitioners in Finance as a way of estimating the volatility of financial assets. 1 Bollerslev's (1986) generalization of Engle's original univariate model to ARMA processes led to further refinements but the extensions by Cai (1994) and Hamilton and Susmel (1994) to account for endogenous switches in the volatility regime assumed that the conditional variance follows an AR process. The GARCH specification was avoided mainly because of path dependence problems associated with using Markov-regime-switching methods in ARMA processes. Gray (1996) avoided the path dependence problem by using the expected value of the past conditional variance instead, which is not regime dependent. In his study, the mean and the conditional variance were allowed to evolve according to a two-state Markov process. He compared its forecasting prowess with other models of volatility to demonstrate its superiority. The present study's objective is not to forecast volatility ex ante but only modestly seeks to determine the magnitude of volatilities in abnormal times relative to normal periods. Hence the basic switching ARCH model of Hamilton and Susmel is adequate for this study's purpose.
The switching-ARCH model used in this study is described by the following equations:
(1) α α r t , the stock return, is assumed to follow a first order AR process. The ARCH family of models assumes a non-constant conditional variance for stock returns. ARCH techniques differ on how the error process, e t , is modeled, that is, how volatility is measured. In the switching-ARCH framework, the error process is described by equations (2) and (3) above.
It is clear from the above that g(s t ) is a variance factor that serves to scale the ARCH process.
This factor depends on the state variable, s t = 1, 2, …, K, that indexes the "volatility regime." The move from one state to another represents a change in the scale of the volatility process. In this specification, one of the factors is unidentified and a normalization is imposed such that g(1) = 1 and g(s t ) ≥ 1 for s t = 2, …, K. Effectively, state 1 is assigned as the state with the lowest volatility and hence may be viewed as representing the normal state of the market. For s t ≠ 1, g(s t ) indicates the magnitude of volatility at s t relative to state 1. Equations (1) to (3) The volatility state is assumed to be the outcome of an unobserved first-order K-state Markov process, which can be described by transition probabilities, ( ) ij
. Each probability number, p ij , is the probability that state j follows state i. One of the objectives of switching-ARCH estimation is to predict the probability of occurrence of a state for each period. This is obtained using a non-linear Markov-switching filter due to Hamilton (1989) . Recent applications of this method can be found in Bautista (2003) and Li and Lin (2004) .
Data and estimation results
The study makes use of weekly stock price data of seven economies -Hong Kong, Korea, Table 1 . Figure 1 shows the graphs of the stock price index and stock return for each of the seven countries. Figure 2 shows the graph of the smoothed probability of being in a high volatility state.
The shaded portion of the diagrams covers the start of the Asian crisis up to the end of the study's sample period. The estimates seem reasonable as most of the coefficients are significantly different from zero. Except for Hong Kong, the coefficient estimates satisfactorily show the presence of ARCH effects in the countries under study.
For the period covered by this study, there were two events that could have caused volatility in all countries to almost simultaneously rise significantly above normal levels. These were the gulf war that took place at the beginning of the 1990 decade and the Asian crisis of 1997. As can be seen in Figure 2 , all countries had high volatility episodes during the Asian crisis. Note that for the Thai stock market, the high volatility episode began even before the commencement of the 1997 crisis. Only the Indonesian and the Korean stock markets seemed not to have been affected by the gulf war.
The growth and development of the capital markets in Asia are a reflection of the trend towards globalization where trade and financial liberalization programs were launched by developing economies who wish to participate more fully in the expanding world marketplace.
The liberalization of the Asian capital markets that began during the late 1980s until just before the 1997 Asian crisis however did not occur simultaneously across countries and was done in stages and at different speeds. For example, Indonesia's stock market which was a dormant market during the 1970s was liberalized in the late 1980s while Malaysia which had the earliest start in the 1870s began liberalization in the early 1990s. As seen in the diagrams of Fig. 2 , high volatility states in the mid-1990s can be observed for Thailand, Malaysia and the Philippines and these can be attributed in part to the sudden flow of foreign money to these capital markets.
The results show that Indonesia has the highest volatility level relative to normal at 15.4 times.
A look at the diagram for Indonesia in Figure 1 however reveals that this estimate may be due to a single event in 1988 when the Indonesian stock market was given a boost by new regulations that stimulated the market. This led to an increase in the number of listed companies in the Jakarta stock exchange from 24 in 1988 to 57 in 1989 (See Reksohadiprodjo, 1993 .
A two state assumption for stock market volatility might be too restrictive for some countries like Korea. Clearly, the two-state model is unable to capture the opening of the Korean stock market to foreign investors in January 3, 1992; it also shows that the market is in a high volatility state since the commencement of the Asian crisis up to the end of the sample period of this study.
To remedy this, the study re-computes the volatility estimates assuming they evolve according to a three-state Markov process. With this, volatility can be in a low, a moderate or a high state; volatility indices are derived as before.
The estimates of the parameters of the 3-state model are shown in Table 3 . Estimating a 3-state model is more complicated and difficult when compared to the previous 2-state computation.
This is because convergence is difficult to obtain when the algorithm bumps into boundary values of some parameters. A way out of this is to restrict these parameters, the transition probabilities, to zero in the succeeding estimations. Imposing the restriction, say, p 13 = 0 is essentially an assumption that state 1, the low volatility state, is never followed by state 3, the high volatility state. The transition probability matrices are given in Table 4 . As shown, three probabilities were restricted in the Hong Kong, Philippines and Thailand estimates; two were restricted in the Indonesia, Korea, Malaysia and Singapore estimates.
Because volatility is classified into finer states, the index for the highest volatility state should be higher when compared to estimates that assume a 2-state process. As can be gleaned from 
Concluding Remarks
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